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MACS, THE MANIPULATION AND COLLIMATION SYSTEM
ON THE NPD AT LANSCE

M, A. M. Bourke 8CJ. A. Goldstone & K.J. LoveIl.
LANSCE
lms Alamos National Laboratory
New Mexico, 87545, USA

ABSTRACT. me practic~ problems associmed with beam collimation and specimen
manipulation at a pul~d neu~on SOUrCCme iden[ical to those on a steady state source.
However CXIm cons@nts I’esult from the limited space available and from the time of
flight analysis of [he dlffict~ neum~s. A manipulation and collimation system (MACS)
has been design~ for the neutron powder diffractometer (NI’D) m the Los Alamos
spallation neutron source (LANSCE). [[ provides specimen motion and aperture
posilionning with accul~cies of better than 0, lmm und is constructed as a rigid unit. For
tlit sided specimens sampling volumes less than 30mm3 have been obtained
demonstrating lhc viability of making spatially resolved sirain mensurcmcnts UIa pulsed
nellfrofl SOUrCe.

I. Introduction

Spatially resolved measurement by neutron diffrnc[ion of residual lattice swains m
mnde at diffe~entmpositions in a cornponcnr by mmslwing it [hrough iI defined sampling
volume. Swains In dlffercnt dlmctlons arc measured by reoriemtiting dle specimen with
respect IO:he detcct~rs. ThUSthe hsic requirements for a memmring systcm fire nmlti-
axis specim~n manipulation, p~isc collimation of the neutron beams and an abili[y 10
plnce a spcclmcn accumtely relative to a reference point. In eneincering ap~.licmions the
snmpling volum~:sof inl,ercst am often Ies - thi~n50mrr3 excep[ when a symmetry cun be
assumed or will-n spatmlly resolved measurements are not rcquirw.1. In si[utilions
involving sleep stress gradients sampling volumes of Icss thtin 10nm13arc somc[imcs
neccss~. ~spite the small sampling volumes the mass of spccimcns can vi.wyfrom a
few hundred gramgnes to tens off kilograms. A find requirement is [hilt the sumpling
volumes can k r$pldly and awxntely changed for different expcliments.

The requmments ore necessary both for pulsed source und ste:ldy-stwe sources.
On POLARIS at, ISIS in the UK and on the NI’D at LANSCE in the UJ$. the sample
position h wl!h~n ,SICCI VaCUUrn~esscls which arc normully evacuiited during
cxpcriqenv to rmnlmlzc mr samcrmg, On the NPD [he vocuum VCSSCIis surrouIIdcd by
bulk shicldlng whl,ch cannot ~ rcmovd (unlike POLARIS) and precludes IIIIV opticui
nccess to Ihe swclrncn when It is in position for mctisuring a specwum. I’1.e snmplc
position is on the IUCISof the circular openink in the mp of the WIcuumVCSSCIu u speul[”icd
hcigh[ MOW the top flange corresponding to [he cemre of [he neuwon kctimt When the
specimen is in Psilioll it is sumoundcd by four hilllks of dctcc[or u + ‘X)”ml I 14tIo
which prnvidc 4 simullnllcous stmin mcwwrcmcms nlthough [he best volume dcfini[ion is
uchicved with [hc ‘JWl!ctcctors.

2, ‘I”ranslatorfi



The diameter of the circular opening in the vacuum vessd of Ihe NPD is 74cm.
All collimation and manipl’lators must pass through this opening. The approach on tk~
NPD has &en to mount the mrmipulators and beam apertures into a rigid frame au.ached to
a top plate which can be plac-d precisely in the inst.mmem using cone locators. Prior
alignment is possible in a copy of the instrument sample can [o which optical access is
possible.

The minimum requirement for the specimen movement system was XYZ
orthogonal hanslation and a rotation about a vertical axis. However the necessity that the
system passed through the round aperture constrained the design and limited the extent of
the movements particularly in the two horizontal directions. Lowering specimens into the
beam would require a clamp which can accommodatemany different specimen sizes and
masses. For light specimens Ibis is not a problem, however massive specimens of
unusual shape can more conveniently be supported on a flat surface and raised into the
neutron beam, Constxquentlyvertical motion is provided by raising or lowering a flat t:ible
on 4 shafts which are interconnected by a drive chain. This provides 3(!Om.mof verticul
motion between the beam height and th~ top of tie rotary stag;
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Figure I:. Schcmalic of MACS equipmcni



..Honzonta.l transltilo~ are mounted parallel and normal to the incident beam direction, To
move a specimen along the scauering vector for one of the 90° banks , i.e. at 45°:0 the
incident beam, (which is frqucntly n~ess~) the ~nslators are operated sequentially to
give a zig-zag motion. Smmth -ion ~ong tie ~attering vector is dvarrtitgeous and can
be obtained by simultaneous opem~~ of the motors. The horizont~l slides each provide a
total travel of M cm. Toge~~ with tie v~c~ ~Uon the WCS system can accomodaCe
specimens Up to 50kg. A ~hematic of me manipulation sYstem is inc]ud~ in figure ~.
Figure 2 shows a (3~m)2, 25mm hick weld swimen (RS. i in the photo) in position
in the MACS svstem..

Figure 2: Photograph of MACS e uipment with (300mm)z 2Smm thick
1weld (RS 1) In posit on for mcfisurcmcnt

3. (Mlimntion

(h moncxhmmatic diffractometers which scan the diffmctcd interwily m IIfunction
of imgie [he direction of the diffracted beam must be accurately defined It the detcctur.
Clmscquentiy collimation is inherent between the specim:n IUN1[hc detector in the fore] of
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soiler slits. This fiiuili[ates the definition of a sampling volume beciiuse a slit can be
installed anywhe~ between the saq+ and the detector. On a pulsed touree there is no
inherent collimation ~tween the s~imen and detectors and diffmcted r:eutrons can reach
[he detector from my scattering geGme~. Care must be taken in masking the specimen
so that only neuuons from the sampling volume reach the detector.

The uncollimated incident beam on the NPD is appro~imately 50mm high and
10mm across. The sample position is 32m from the tungsten target (where the neutrons
are pr(xluce.d)~d con~ucndy tic divergence of the incident neurron beam at the sample
pcsiticn is small. Hence the distnce between the incident aperture and the specimen does
not affect the definition of a smpling volume. The penumbra at the sample position
around a beam defin~ by a zmm SqUW placed 50rnm from the specimen is less than
O-zmm both venically and horizontally, I%us collimation of the incident beam is not
S[rongly mla[~ [~ tie dis~ce of & i~ident apefl~ from the specimen.

Figure 3: EN ●pertures by connecting rod.



The situation for the diffracted beam apertures differs because close proximity
between the a~rture and the incident beam direction is necessary. A!though a thick
apenure placed 10cm from the specimen could give millimeter spatial definition along the
incident beam it would necessarily obscure a large solid angle of the 90° detectors which
subtend =1 1° at the sample. Count rates for sampling volumes less than 100mmg
necessitate that most or all of the detector solid angle is employed if the use of the beam
time is to be acceptable. Good spatial resolution along the incident beam can only tw
obtained while maintaining a large solid angle of detector by having close proximity of the
diffracted beam apertures to the incident beam. The best spatial resolution is achieved for
flat plates whcm the apertures can be placed directly adjacent to [he surfaces.

Both the incjdcnt and diffracted apertures are suppemed from slides on optical
benches which are attached to the underside of the cop plate (fig 1). The rails w-ealigned
parallel with and normal to the incident beam direction. This allows the apertures to be
moved to different radii from the ccntrc of the sampling volume without any lateral
displacement. Fine positional adjustment is performed using manual microcontrol
adjusters.

At a spalla[ion source the wavelength spectrum in each pulse is continuous and
borori not cadmium is used as a mask because it doesn’t hn,vea short wavelength cut off
and remains opaque to neutrons below o.sA. Boron nitride proved to be preferable to
boron carbide because it was easier to machine to precise dimensions. A varie~y of
apertures were fabricated from a 13mm thick Bon-m nitide plnte. Incident apertures are
taylored to specific requirements by combining vertical and horizontal slits. Figure 3
shows a photo of a connecting rod surrounded by the white 13Napertures. For clarity [he
90° masks have been withdrawn from the specimen but in practice they would be adjacent
to the specimen surface.

4. Calibration

The sampling volume is defined at a point in spuce at the intersection of the
incident and diffmcted beams. The position is arbitrary thus cidi!wwion of the detectors is
important if the absolute values of the lattice spacings obtained from different banks are to
be consistent. To calibrate the detectors the diffracted spectrum for a well characterised
stress free powder is rmxsured by the defined sampling volume From knowledge of the
structure of the powder, the calibration constants (which relate t!.c time of flight to the
wavelen th) for each detector can h dctenrtined. If the centre of the sampling volume is
unmovJ for different a rturc combinaticms the ctdibm:ion remuins effective. However if
an npmum is displaJ and the ccntre of [he sampling volume moved then recalibration
will be necess~. For this reason the apertures must be accurately replucable ml
movable along diraxions which arc either parullel or normid to the incident beam direciion
to Ovoidrepeated mcalhation.

Intensity cheeks were made by tmnsktting a verticttl steel pin throu~h the sampling
volume defined by different aperture sizes and pxitions. ●l”hediffracted intensity over it
specific wavelength range was noted as the pin was moved pwallel and normal to the
incidcm beam. When the pin was moved normal to the incident beam dircclion the
intensity profiles showed sharp reductions at the limits of the aperture size indicating [hc
purnllcl ruuure of the incident beam, Intensity scans were UISOrecorded in the !20°
cletcctors as the pin was moved parallel to the incident Ixam. Knowledge of [he unglr
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subtended by the detectors combined with the width, thickness and distance ~f the
apertures horn the incident beam allowed the resolution along the incident beam to be
predicted

5. Future development

A displacements of the sampling volume by orily a few millimeters may be
misinterpretedas a strain variation due to the change in path length and commensurate error
in calibration. Previously alignment procedures were performai by dead reckoning but
we are installing two alignment telescopes on the dummy sample can which will ensure
that apertures and specimens are replaceable to within O.Imm for concurrent
measmmtwmts. A transmitted beam monitor will also be installed to aid in aligning
specimens by noting the change in the ratio of the tritnsmittea to the incident beam
intensity as the specimen is moved into the Ixmm.

6. Conclusions

A manipulation dnd collimation system has been installed on the NPD at
LANSCE. Components up to 50kg can be moved wiLhinthe confines of lhe sample tank.
Sampling volumes as small as 10mm3 have been achieved for thin flat samples. However
for specimens where the exit collimation cannot be placed within Xlmm of the incident
beam it is impossible to et get good spatial resolution along the incident beam without
obscuring partof the 9$ detector bank and compromising the coun[ times. Optimum
spatial resolution is obtained by installing the diffracted beam apertures adjacent to [he
specimen surface or as close as allowed by the geometry of a particular measurement.
This makes flat sided specimens where strains are required at different positions in the
plane of the spcimen most suitable for memxmxnen~son a pulsed instrument.
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